REFORMER CONTROIUNG APPARATUS 



BACKGROUND OFIHE INVENTION 
The present invmtion relates to a reformer controlling apparatus in a fiiel cell power 
5 generation system 

As a refom^r CDntrolling ^aratus in a conventional fiiel cell power generation system, 
there has heretofore beai the one disclosed in Japanese Patent Laid-Opm No. H11-921Q2, In this 
conventional reformer controlling apparatus, a firel reformer uses the air as oxidation gas, and 
methanol is made to perform either a steam reforming reaction or a partial oxidation reaction, 
10 followed by generation of hydrogen rich reformer gas. Thus, the hydiDgen rich reformer gas is 

supplied as fiiel gas for afijel cell. 
Cf A reaction forriiulaejq^ressingstea^ 

8 a^ + Hp^a)^+3H2-495(KI^ (1) 

"^1 As^shown ffi the Equation an endothermic 

reacdorijitisnecessary to supply heat energy to progiess the reforrim Tosupplythis 
ill heatmeigj^aniethodiseir5>loyed,in\v^^ 

^ reaction that is an exothermic reaction, and the steam reforming reaction is progressed by using 
f t heat gen^Bted in the partial oxidation reaction. A reaction formula expressing the partial 
W oxidation reaction of rnethand is shown below 
B CH3QHH-l/202->a>2+2H2 + 1895(KJy^ (2) 

As shown in the Equation (2), the partial oxidation reaction is an exothermic reactioa 

SUMMARY OFIHE INVENTION 
However, the partial oxidation reaction shows a reaction rate fester ttian that of the steam 
25 reforming reactioa For this reason, in a mettiod in which oxidation gas is supplied to a fiiel 
reformer together with methanol and steam, and heat energy produced in the partial oxidation 
reaction is utilized in the steam reforming reaction, there has been a problem that a temperature 
distnT)ution is uneven in the interior of the fiiel reformer particularly in a transient state. 
Specifically, on an upstream portion in the fuel reformer, that is, on a portion where gas confining 
30 methanol, steam and oxidation gas is introduced, a temperature in the interior of the fiiel reformer 
r^dly rises to form a peak of the temperature distribution, resulting in unevenness of a 
temperature distribution state. 

To cope with this problem, the conventional reformer apparatus comprises means for 
determining a quantity of oxygen to be suppKed to a fuel reformer based on a driving quantity of a 
35 pump for supplying methanol from a methanol tardc to an evaporator, which makes methanol and 



1 



Mir 



water evcp^mtej and oxygen concentration regulation means for controlling an oxygen 
concentration in oxidation gas to be sipplied to the fuel reformer. In the conventional reformer 
a)ntrolling ^>pamtus, whoi a temperature on an upstream portion of the fiiel ref ornier rises to a 
specified value or more, the oxygen concentration in the oxidation gas is reduced without chan^g 
5 the quantity of oxygen, and, to the contrary, a flow amount of the oxidation gas is increased, 
whereby a partial oxidation readion on the upstream portion of the fuel reformer is suppressed. 
At the same time, a flow rate of the gas in the interior of the fiiel reformer is increased, wherd^y an 
area where the partial oxidation reaction is chiefly performed is made to be broadoied to a down 
stream portion of the fiiel reformer. Thus, a temperature distribution in the fiiel reformer is made 
10 tobeuniform. 

Incidentally, in such conventional reformer controlling qparatus, the concentration of 
f : oxygen in the oxidation gas is controlled without changing the quantity of oxygen depending on a 
] ten^Derature of the fiiel reformer. Accordingly, if an error occurs in feed amounts of methanol and 
, i steam supplied to the fuel reformer, the quantity of oxygen supplied to the fiiel reformer is either 
& too much or too litde, and this causes abnormality in a tenperature of the whole of the fiiel 

refimien Ihere have been problems of stopping the refof^^ 
m gas fix)m the fiiel reformer. 

, A case where an output is inoeased is considered The driving quantity of the punp for 

i;5 supplying the inefhand from a naetharKdtari^ Li accordance with the 

^© increase in the driving quantity of the punp, the quantity of oxygen supplied to the fuel reformer 
;:^! also inaeases. Nevertheless, the supply of niethanol to the fiiel refonner is delayed for a tm 
J .1 when the methanol evirates in the evc^rator. The fiiel reformer is operated m an oxygen rich 
state during the eviration of the methanol As a result, a terqperature at the upstream portion of 
the fuel reformer rises. In response to the tenperature rise of the fiiel reformer, the oxygen 
2 5 concentration is deaeased to inaease a gas flow rate within the fiiel reformer. However, when a 
quantity of methanol enough to consume the oxygen supplied to the fuel reformer is not supplied, 
only the partial oxidation reaction is performed in the fuel reformer, and the terrperature in the 
whole of the fuel reformer rises. Thus, the oxygen concentration in the oxygen gas is more 
deaeased, and hence the gas flow rate within the fiiel reformer is made to be faster. The 
30 unreacted gas such as the methanol, the steam and the surplus oxygen is exhausted fiom the fiiel 
reformer. 

The present invention has been made in consideration of the above-described problems. 
The object of the present invention is to provide a reformer controlling ^aratus capable of 
controlling a ratio of reactions in the whoh of a catalyst unit lo those in other units, particularly a 
35 ratio of the partial oxidation reaction to other reactions, to a desired value, and capable of 
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peifomimg a stable refoiming reaction wilhout producing a local high tenperature state in the 
catalyst unit particularly during a transient state in which an output is changed. 

To achieve the above object, a reformer controlling apparatus of the present invention is 
provided with a reformer having a catalyst unit conposed of a catalyst for promoting a steam 
5 reforrtiing readion and a catalyst for promoting a partial oxidation reaction, a raw fiiel gas supplier 
supplying raw fuel gas containing hydrocaiton and steam to flie catalyst unit, an oxidation gas 
supplier for supplying oxidation gas containing oxygen to the catalyst unit, a first reaction state 
detector detecting a state of a reaction progressing at an upstream portion of flows of the raw fiiel 
gas and the oxidation gas within the catalyst uriit, a second reac^ detecting a state 

10 of a reaction of the whole of the catalyst within the catalyst unit, a first corrector cx)rrecting feed 
amounts of the raw fuel gas and the oxidation gas supplied to the catalyst unit based on the state of 

t:3 the reaction detected by the secx>nd reaction state detector, and a second corrector correcting tiie 

feed amourit of the oxidation g3S supplied*^ 
SI thestaleofthereactiondetectedbythefirstreactionstatedeteck^ 
P Inoth^words,arefiarmera)ritrQllirigappa^^ 

11 I refimiier having a catalyst unit including a ca^ 

U ^ catalyst foprarnotiiig a partial oxidation reaction, raw fi^ 
j I fiid gas containiiig hydrocarbon and steam to said cataly^ 
I II supplying oxidation gas containirig oxygen to said cataly^ 

1^ for detecting a state of a reaction progressing at an upstream portion of flows of said raw fiiel gas 
r;;i , and said oxidation gas in said catalyst unit, second reaction state detecting mearrs fi>r detecting a 
^ ' state of a readion in the whole of the catalysts in said catalyst unit, first correcting means for 
correcting feed amounts of said raw fiiel g^s and said oxidation gas, which are supplied to said 
catalyst unit, based on said state of the reaction detected by said second reaction state detecting 
25 means, and second oorreding means for correcting the feed amount of said oxidation gas, whidi is 
supplied to said catalyst unit and/or a feed timing thereoJ^ based on said state of the reaction 
detected by said first reaction state detecting means. 

Beside, a method of controlling a reformer produces promoting a steam reform 
reaction and a partial oxidation reaction in a catalyst unit of said reformer, 
30 supplying raw fuel gas containing hydrocarbon and steam to said catalyst unit by 
a raw fuel supplier, supplying oxidation gas containing oxygen to said catalyst unit by an 
oxidation gas sillier, detecting a state of a reaction progressing at an upstream portion of flows of 
said raw fuel gas and said oxidation gas in said catalyst unit by a first reaction state detector, 
detecting a state of a reaction in the whole of the catalysts in said catalyst unit by a second reaction 
35 state detector, correcting feed amounts of said raw fiiel gas and said oxidation gas, which are 
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supplied to said catalyst unit by a first corrector, based on said state of ttie reaction detected by said 
second readion state detector, and correcting the feed amount of said oxidation gas, which is 
supplied to said catalyst unit and/or a feed timing thereof by a second corrector, based on said state 
of the reaction deteded by said first reaction state detector. 

5 

BRIEF DESCRIFnONOFTHEDRAWINGS 
Fig. 1 is a block diagram showing a constitution of a fijel cell power generation system 
loading a reformer controlling ^jparatus of a first embodiment of the present invention. 

Fig. 2 is a blodc diagram showing a constitution of a reformer in the first embodiment. 

10 Fig. 3 is a block diagram showing a constitution of a oonttDlling unit in the first 
embodiment 

I 'I Fig. 4 is a block diagram showing a constitution of a first oonection unit in the first 

i;\ embodiment. 

' ,1 Fig. 5 is a block diagram showing a constitution of a second correction unit in the first 

11 embodiment 

\n Fig. 6 is a gc^h showing a response characteristic of an actual flow amount of various 

U 1 gases in the reformer before a correction. 

: Fig. 7 is a gr^h showing a response characteristic of an actual flow amount of the various 
m gases in the reformer after a conection is performed in the first embodiment 
io Fig. 8 ablock diagram showing a constitution of a reformer in a second embodiment 

^ j Fig. 9 is an e5q)lanatory view showing a temperature distribution of each unit in the 

H ^ reformer in the second embodiment. 

Fig. 10 is a block diagram showing a constitution of a second correction rariit in th^ 
embodiment 

25 Fig. 11 is a block diagram showing a constitution of a second correction unit in a third 

embodiment 

Fig. 12 is a block diagram showing a coristitution of a seoDnd correction xirrit in a fou^ 
embodiment 

Fig. 13 is a gr^h showing a response diaraderistic of an actual flow amount of the 
30 various g^ses in the reformer after a correction is performed in the above-described embodiments. 

DElAII^DESCRIFnONOFraEEN^ 
Hereinafter, embodiments of the present invention will be desaibed in detail with 
reference to the drawings. Fig. 1 shows a constitution of a fiiel cell power generation system 
35 comprising a reformer controlling apparatus of a first embodiment of the present invention. As 
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main elements, the fijel cell power generation system comprises: a control unit 1 composed of a 
computer, a refomier 2 producing fuel gas by reforming reactioi^ a flow control valve 3 
controlling air flow as an oxidation gas introduced into the lefomier 2; a compressor 4; a methanol 
tank 5 storing methanol; a methanol pump 6; a water tank 7 storing water, a wata- pump 8; an 
5 evaporator 9; a combustor 10, a CO removing unit 11 removing CO in the refomied gas generated 
in the reformer % a fiiel cell 12 taking electromotive force by electrochemical reaction; a reformed 
gas pressure control valve 13 controlling a fiiel gas pressure in the fuel ceU 1^ and an air pressure 
control valve 14 controlling an air pressure in the fiiel cell 12. 

Among the elements descnlied above, the compressor 4 supplies air as an oxidation gas 
10 to the reforaier 2 and the fuel ceU 12. The methanol punq) 6 supplies the evaporator 9 wifli 
methanol in the methanol tank 5. The water pump 8 supplies the evaporator 9 with water in the 
1:1 water tank 7. The evaporator 9 supplies the reformer 2 with water and methanol as raw fiiel gas, 
whidi are evirated by heat suppHed fiom the combustor 10. The combustor 10 generates 
si conabustion^vMli is supplied to the ev^)orator 9. 

Eg. 2 shows a constitution of the refiamaer 2 in a first embodiment. ThereftMmer2 
S pit)gresses a steam reftmning reaction to produce hydrogen fiom hydrocata 
If i endothermic, and a partial oxidation reaction to oxidize hydrocarbon, which is exofliemiic, and 
utilizes heat generated by the partial oxidation reaction during the progress of the steam refonning 
i ll reaction. The refemier 2 comprises: a catalyst unit 2a generating the steam refijnning^)aitial 
t§) oxidation reaction; a first thenno-saisor 2b for measuring a temperature of an upsh 
Pl the lefimner where the partial oxidation reactim is niainlyoocumng; and a sec^ 
M 2c for measuring the tenperatijre of the fiid gas at the exit of the refemner 2 in order to g^ 

overall reaction state of the reformer. 

Fig.3showsaconstitutionofthecontrolunitlinthefiistembodiment The cciiti»l unit 

25 1 comprises: a first taiget amount operation unit la for operating a first taiget; a first correction unit 
lb for performing a first conection for tiie first target amount of methanol vapor, the first taigpt 
amount of steam and the fiist taiget amount of air in accordance with an output of the second 
themio-sensor 2c and a second taiget temperature; a second conrection unit Ic for performing the 
correction for a second taiget amount of air in accordance with the ou^ut of the first themio-sensor 

30 2b and the first taiget temperature; a methanol pump contiol unit Id for controlling the methanol 
pump6inaccordanoewiththesecondtaigetamountof methanolvapor; a water punp contiol unit 

le for oonhoHing the water pump 8 in accordance wifli the second target amount of steam; and an 
air ccmtiDl unit If for controlling the oonpressor 4 and the flow contiol valve 3 in accordance with 

a fliird taiget amount of air and tiie air flow required in the fiiel cell. 

35 Next, an action of the reformer controlling apparatus of the first embodiment with the 
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above constitution will be desaibed. Fiist, the actions in steady and semi-steady conditions will 
be descnT^ed From the outside, the control unit 1 is provided with: for example, a taiget fiiel gas 
flow operated based on an accelerator stepping-on measurement; a taiget value (taiget POX ratio) 
of a ratio of partial oxidation reaction and steam refonning reaction (herein, the taiget POX ratio is 
5 represented as: POX ratio = the amount of partial oxidation reaction/ (the amount of partial 
oxidation reaction + the amount of steam reforming reaction); a first taiget terqperature for a 
temperature measured by the first thermo-sensor 2b; the second taiget temperature for a 
tenperature measured by the second thermo-sensor 2c; and an air flow required in the fiiel cell for 
flic fuel cell 12. 

10 The fiist taiget amount operation unit la of the control unit 1 computes the first taiget 
amount of methanol vapor, the fiist taiget amount of steam and the first taiget amount of air, wMdi 

a should be supplied to the reformer 2, based on the target fuel gas flow to be input and taiget POX 

ratio, to output these ODnpited aniounts to 
\| The first correction unit lb performs the first correction by using logic of PID control as 

11 showninFig.4. SpedficaUy the first coniection unit lb p^^ 

y j the first taiget amount of methanol vapoi; the first taiget amount of steam and the first taiget 
111 amount of air that are ii^ fiiom tiie fibst taiget amount operation unit la based on a deviation 
between the output of the seccaidthemichs^isor 2c ai^ Then,the 
ril second taigqt amount of methanol v^por, the second taiget amount of steam and the second taiget 
If) amount of air, whidi are obtained fiom the first correction operation, are output to the methanol 
n punp control unit Id, to the water puiqp control unit le and to the second conedion unit Ic, 
i^^" respectively. 

The methanol pump control unit Id controls the action of the methanol pwop 6 based on 
the second taiget amount of methanol v^x>r from the first correction unit lb, and the water puxnp 
2 5 control unit le controls ttie action of the water pump 8 based on the second taiget amount of steam. 

Note that, in this embodiment, wMe the first correction unit lb uses the lo^c of PID 
control shown in Fig. 4, techniques other than this method such as a model matdring control can 
be used. 

The second correction unit Ic performs a second correction for the second taiget amount 
30 of air that has been corrected by the first correction unit lb by using the logic of PE) control as 
shown in Fig. 5, and computes a third taiget amount of air. Specifically, the second correction unit 
Ic performs a second correction operation for the second taiget amount of air fi*om the first 
correction unit lb, based on the deviation between the output of the first thermo-sensor 2b and tiie 
first taiget temperature fiom outside . Then, a third taiget amount of air, which is obtained fiom the 
35 second correction operation, is ou^ut to the air control unit It 
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Note that the model matching control tedinique, for example, can also be employed for 
the logic used for this second correction operation, other than the PID control logic. Hie air 
control urrit If controk the actiorrs of the flow control valve 

third target amount of air ftom the second correction unit Ic and the amount of air required in the 
5 fuel oeIll2 (the air flow required in the fiiel cell) input fiom outside. 

Next, the action of the control unit 1 in a transient state wiU bed Herein,asan 
exanple, description will be made for an action thereof in a transient state in the case where the 
target amount of fijel ^ provided fiom the outside is increased 

When the target amount of foel g3S is inaeased, the first target amount of methanol v^r, 
10 the first target amount of steam, and the first target amount of air, which are obtained fiiom the 
reaction formulas (1) and (2), are all increased. The state of each actual flow at this time is 
illustrated in Fig. 6. 

1 As shown in Fig. 6, the flow of air actually suj^^lied to the reformer 2 is relatively smaE in 

i its delay. Cta the contrary, those ofnxthanolv^r and steam have larger delay, i^ 
Hh ev£5X)ration delay in the ev^rator 9 or the like. If methanol v^r, steam and air are supplied to 
(r: the reformer 2 in this state shown in Fig. 6, excessive partial oxidation reaction occurs in the 
i:^ upstream portion of the refonner 2, wMch raises the ternperature of the pori^ As a result, it may 
]. cause a bad influence such that the reformer 2 is damaged meltingly. 
rJ Although the ten^rature oDntrol of fiiel gas by the first correct 

^ circumstance, the change of the amount of methanol v^r and the amount of steam, which are 
I'j suppKed to the reformer 2, are slow in resporise as illustrated in Fig. 6. Accordingly, the flow of air 

1 ^ supplied to the reformer 2 is corrected by ttie second correction unit Ic, based on the ten^rature of 

the upstream portion of the reformer 2 where the partial oxidation reaction mainly occurs. The 
state of each practical flow at this time is illustrated in Fig. 7. 

2 5 The first and second corrections are performed in such a manner, thus the tenperature of 

the fiiel gas can be kept in an appropriate range. 

Next, a second embodiment of the present invention will be described with reference to 
Fig. 8. Fig. 8 schematically shows a constitution of a reformer 15 in the second embodiment 
This reformer 15 is provided in the fuel cell power generation system with the constitution which is 

30 substantially the same as that of the fuel cell power generation system of the first embodiment 
shown in Fig. 1. Accordingly, the following constitutional elements being in common with the 
first embodiment will be described by using the common reference numerals. 

Although, in the above-described first embodiment, only one first thermo-sensor was 
installed in the upstream portion of the reformer as shown in Fig. 2, with regard to the reformer 15 

35 of the second embodiment^ it is characterized in that first thermo-sensors are installed in plural 
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places (tinee places in this case) in order to measure the tempeiatuie of the upstream portion of the 
reformer where the partial oxidation reaction mainly occurs. Therefore, as shown in Fig. 8, the 
reformer 15 in the second embodiment conprises: a catalyst unit 15a that generates steam 
reforrning/partial oxidation reaction; three first thermo-sereois 155-1, 15b-2 and 15b-3 for 
5 measuring the temperatures of the upstream portion of the reformer where the partial oxidation 
reaction mainly occurs; and a second thermo-sensor 15c for measuring the temperature of the foel 
gas immediately after the reformer 15 in order to detect the entire reaction state of the reformer 15. 

As shown in Fig. 9, if the period of time when tibe reformer is being used passes, the 
tenperature distribution in the reformer 15 is changed ia accordance with the passage of the period 

10 of time desaft>ed above because of reasons including catalyst deterioration. Accordingly, the 
second correction unit Ic in the control unit lhaving the constitution shown in Fig. 3 performs a 

r| secxDod correction by switching enployed outputs with the passa^ of time among the outputs of 

; the plural first thermo-sensors 15b-l to 15b-3. 

y The operation Ipgk: of the second cor^ 

|S in Fig. 10. Theoperationbgicof Fig. 10 also perfi3nns theses 
PTOccflitrdk^gicsinQilarly tothesea>n^ 

in except enploying an output selected fimi the outputs of the plural first thermo-sensors 15b-l to 

JU 15b-3 by the ou^ selection uriitlcl as the first thermo-^^ 

III Note that the output selection unit Icl uses the total traveling distance as data with the 

|j| passagp of time, whidi is measured by a total traveling distance meter of a car, and divides the total 
f I traveling distance kito three stages, the initial, the middle and the end, and fijnctions to switdi the 
I- first thermo-sensor sequentially in 15b-l, 15b-2 and 15b-3 as the total traveling distance of the car 
extends. 

Thus, according to the second embodiment, the tenperature distribution within the 
25 reformer changes due to the change of catalyst properties with the passage of time and the position 
of the peak temperature also changes. However, performing the second correction by using the 
output of the thermo-s^isor, which is at the peak ten:perature position dianging in response to the 
change with the passage of time, among the first thermo-sensors provided at plural places, makes it 
possible to perform accurate control for use of long period of time. 
30 Note that, also in this second embodiment, a technique such as the model matching 

control can be used for the control lo^c of the second correction unit 1 c in place of the PID control 
logic. 

Next, a third embodiment of the present invention wSl be described with reference to Rg. 
11. Ihe uitemal temperature distribution of the reformer 15 changes not only with the passage of 
35 time but also depending on time or conditions (the taiget amount of fiiel ^ flow, or the like) as 
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shown in Fig. 9. Thus, liie second collection unit Ic in the control unit 1 having the constitution as 
shown in Hg. 3 can be disposed to perfomi the second oonection by using the hi^est temperature 
among the plural first themio-sensors 15b-l to 15b-3. 

The operation logic of the second correction unit Ic in the third embodiment is shown in 
5 Kg. 11. The q)eration logic of Rg. 11 is similar to the second correction unit 2 in the first 
embodiment shown in Fig. 3 except selecting the highest temperature among the plural first 
thermo-saisors 15b-l to 15b-3 as the first temperature ou^ut by the maximum value selection unit 
IdZ, and performs the second correction according to the PID control Icgic. 

Ihus, according to the third embodiment, the tenperature distnMon wifliin the reformer 
10 changes depending on time or conditions (tiie taiget amount of fuel gas flow, or the like) and the 
positicm of tiie peak temperature also changes. However, perfomiing tiie second oonection by 
r? using the hi^est tenperature detected by the plural fiist themio-sensors makes it possible to 
i j perform more accurate control. 

Note that, also in this third enibodiment, a technique sudi as the model matdmg ra^ 

IS can be used for the control lo^c of the second oorrecticai unit Ic in place of the PID contiol logic. 
] i Next, a fewrth embodimait of the present invention will be described with reference to 

[: i Fig. 12. Fig. 12 shows the constitution of the second conecticai unit Ic eiqployed in flie fourfli 
l.. embodiment. Since tiie constitutional elemaits except die second oonection unit Ic are similar to 
\i\ those oftiie first embodiment shovm in Fig. land Fig. 3, tiieir detailed descriptions aie omitted 
10 As shown in Fig. 12, control Ic^c for flie seomd oonection performed by the second 

Ji- correction unit Ic is constituted of delayed elements. Accordingly, tiie second oonection unit Ic 
I obtains die delayed time r fiom flie deviation betweai tiie first taiget tempoature and flie ou^ut 
of flie first fliermo-sensor by refaring to flie data of tiie table lc3, perfiarms flie second correction 
sudi fliat flie ir^iut second taiget amount of air is made to delay by fliis delayed time z, and 
25 outputs it as flie flitd taiget amount of air to flie air control unit If. The state of eadi actual flow at 
this time is shown in Rg. 13. 

Note fliat flie table lc3 fta- delayed time r is tiie one tabled after obtaining tiie 
combinations of deviation between flie first taiget temperature and the ou^ut of tiie first thermo- 
sensor and the delayed time r oonesponding flie deviation by experiments. 
30 In fliisvray, the foUow-up time, until flie actual air flow increases in accordance wifli an 

increasing change of the taiget fiiel gas flow, can be delayed also by flie fourfli embodiment to flie 
same degree as fliose of the actual flow of meflianol v^r and flie actual flow of steam, and 
flieieby it becomes possible to restinin tiie temperature rise in tiie upstream portion of tiie reformer 
where partial oxidation reaction mainly occurs. 
35 In addition, in tiie case of flie fourth embodiment, because flie delayed time r is obtained 
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simply by referring to the table fiDm the deviation between the fiist taiget temperature and the 
output of the first theraio-sensor, the amount of operation at the second correction unit can be 
reduced compared with the first to tiiird embodments, thereby the control unit can be constituted 
more inexpensively. 

Note that, in the fourth embodiment, although the delayed time r is obtained by 
referring to the table fiom tiie deviation between the first taiget tenperature and tiie output of the 
first thermo-sensor, techniques such as the logic of PBD control and tiie model matching control 
may also be used. Also, plural first tiiermo-sensors may be used as in the second and third 
embodiments. 

And further, in the above-described first to fourth embodiments, thermo-sensors were 
used to detect the temperature states for the reaction states in the fiiel reformer to whidi the 
conector referred. However, sensors such as CO sensors, methanol sensois and hydrogen sensors 
for detecting the reaction state are also able to construct the similar systems. Also, tiiough the fijel 
gas is produced by reforming methanol, similar systems can be constmcted by using hydrocarbons 
such as gasoline and natural g9s. 

The entire content of J^anese Patent i^lication No. P2000-38412 with a filling date of 
February 16, 2000, is incorporated herein by reference. 

Althou^ tiie invention has been described above by reference to certain embodiments of 
tiie invention, the invention is not limited to flie embodiments described above will occur to fliese 
skilled in tiie art, in tiie teadmgs. The scope of the invention is defined with reference to the 
following claims. 
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